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ABSTRACT
Background: Little is known about physical activity (PA) in people with stroke living in low-income
areas. The aim of this study was to characterize and contrast the levels and patterns of PA between
stroke survivorswithdifferent ambulation status living in low-income areas inCapeTown, SouthAfrica.
Methods: In this cross-sectional study, 45 community-dwelling stroke survivors living in low-
income areas in Cape Town participated. Accelerometers (Actigraph wGT3X-BT) were used to
assess PA levels (vector magnitude counts and number of steps) and time spent sedentary, in light
and moderate-to-vigorous PA (MVPA). Total daily PA and within-day activity patterns were
compared between limited community ambulators (gait speed: <0.8 m/s) and community ambu-
lators (gait speed: ≥0.8 m/s).
Results: Limited community ambulators (n = 23) took fewer steps per day (1091 vs. 3524 steps,
P < .001), spent more time sedentary (80% vs 68%, P = .002) and less time in light PA (18% vs 25%,
P = .008) and MVPA (1% vs 5%, P < .001) than community ambulators (n = 22). The limited
ambulation group had a consistent pattern of PA across the day without any significant variations
in PA levels or intensity, whereas the unlimited ambulating group was most active in the morning
followed by a gradual reduction in PA throughout the day.
Conclusions: Community ambulating stroke survivors showed greater PA levels and a more
variable diurnal pattern in contrast to the limited ambulation group. Different interventions
may be required to assist the different groups to start engaging in health-enhancing PA.
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Stroke is one of the leading causes of disability world-
wide today, and approximately 90% of the disease
burden is attributable to modifiable risk factors.1
Low physical activity (PA) is a well-knownmodifiable
risk factor for stroke2 and tailored PA is important for
functional recovery3 and risk reduction of recurrent
strokes.4 As risk profiles, disease characteristics and
etiology of stroke, as well as access to care and rehabi-
litation, differ between low-to-middle and high-
income countries,5,6 it is important to establish infor-
mation about PA behavior after stroke in different
contexts.
A recent systematic review on PA after stroke
shows that chronic stroke survivors, on average,
take 4078 steps/day, which is substantially lower
than healthy persons (8338 steps/day)7 and
recommendations of ≥6500 steps/day for persons
with disability.8 Although these studies have pro-
vided significant information about the total daily
PA after stroke, important limitations to the exist-
ing body of research exist. First, most previous
studies on objectively measured PA in stroke survi-
vors are limited to developed countries, limiting our
understanding of the role of context, particularly
resources, on the impact of stroke.7,9 Second, little
is known about how stroke survivors accumulate
PA in different intensities across the day, such as
time in sedentary (e.g. sitting and lying) or in
moderate-to-vigorous physical activity (MVPA),7
of which both are important for cardiovascular
health.10,11 Third, as studies have established
a strong association between ambulation status
and PA after stroke,12 it is likely that the total
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daily PA and within-day PA patterns differ between
survivors with varying abilities to ambulate.
Still, most previous studies have explored PA
among stroke survivors with mild mobility
impairments.7,13 Understanding the behavior of
PA of stroke survivors with varying ability to ambu-
late in more detail (e.g. how the pattern of PA
changes within a day) would provide a stronger
foundation on which to develop a sensitive and
contextualized program for PA promotion after
stroke.14
In South Africa, stroke is a major concern with
high economical costs,15 and an increasing incidence
and mortality rate is evident.16 Furthermore,
a systematic approach to stroke management has
not fully been implemented in the public health-
care sector of South Africa and limited resources
hinder all survivors of stroke to receive appropriate
acute care and rehabilitation,17 including the avail-
ability of assistive technology.18 We have previously
demonstrated low levels of PA in community dwell-
ing stroke survivors living in areas of poverty, high
levels of crimes and limited resources for rehabilita-
tion in Cape Town, South Africa.19 In order to
inform intervention strategies for stroke survivors
with varied levels of function in this context, we
aimed to conduct a detailed secondary analysis
exploring PA behavior in survivors of stroke with
different ambulation status living in low-income
areas in Cape Town, South Africa. Specific aims
were to characterize and contrast: 1) the total volume
and intensity of daily PA and 2) the patterns of PA
over the course of a day between stroke survivors
with a self-selected gait speed reflecting limited com-




Inclusion criteria for this cross-sectional study were
≥18 years of age, stroke ≥6 months prior to enroll-
ment, and being able to walk short distances with/
without a walking aid independently. Exclusion cri-
teria were cognitive impairment and global aphasia
affecting the ability to provide informed consent and
other medical conditions affecting mobility substan-
tially. Participants were recruited between March and
August 2015 from social support groups in low-
income areas of Cape Town, South Africa. The pro-
tocol was approved by the University of the Western
Cape’s institutional review boards (Number 15/6/82).
All participants provided written informed consent
and the study was performed in accordance with the
STROBE guidelines.
Data collection
Data collection covered three steps. First, demo-
graphic data and stroke-related variables; years
since stroke onset, number of recurrent strokes,
number of falls the last 3 months, use of a walking
aid, and provision of in- and outpatient rehabilita-
tion were collected using structured interviews.
Inpatient rehabilitation was defined as receiving
therapeutic interventions at a rehabilitation center,
i.e. being institutionalized, within the first 3 months
after stroke onset, and outpatient rehabilitation was
defined as therapeutic interventions from either/or
a physiotherapist or occupational therapist in the
community after ≥3 months of stroke onset. The
level of independence in activities of daily living
was assessed with the Barthel Index21 and partici-
pants who reported dependency in one or more
items were classified as dependent in activities of
daily living. Fear of falling was assessed with the
Falls Efficacy Scale-International (FES-I)22 and
depressive symptoms with the Hospital Anxiety
and Depression Scale (HADS).23 These composite
self-report measures were presented as a sum-score
where a higher score indicates a greater degree of
fear of falling and anxiety/depression. The FES-I has
shown to be valid in elderly people24 and HADS is
valid and reliable in people with stroke.25
Second, performance-based tests were used to
assess balance and gait. Balance was assessed with
the Mini Balance Evaluation Systems Test, which is
a 14-item clinical test covering different components
of balance control, each item is scored on a three-level
ordinal scale from 0 (unable or requiring help) to 2
(normal), and the result is summarized as a total score
(maximum score of 28 points).26 Self-selected gait
speed was measured using the Six Meter Walk Test,
where participants were instructed to walk in their
comfortable pace without assistance for 10 m.27 In
order to ensure steady-state gait (i.e. neglecting the
acceleration anddeceleration phase), we calculated the
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time it took participants to walk the middle 6 m of the
10-m distance. Themean gait speed (m/s) of two trials
was used for analysis. To explore the relationship
between mobility status and PA, participants were
classified using the following gait speed categories:
limited community ambulation (<0.8 m/s) and com-
munity ambulation (≥0.8 m/s).20
Third, PA was measured at 30 Hz using triaxial
accelerometers (Actigraph GT3X)a during free-
living conditions.28 Participants were instructed to
wear the accelerometer for ≥5 consecutive days
around the hip of their non-paretic side, attached
above the iliac crest with an elastic band. Participants
were instructed to only remove the device when
showering, bathing, and at night, and to fill in
a diary in order to keep track of the times the device
was worn. PA data were downloaded and processed
with ActiLife 6 softwarea and episodes of ≥90 min of
consecutive zeroes were considered non-wear time
and not included in the analysis.29 Participants with
≥3 days of valid PA data (≥8 h of wear time) were
included in the analysis.30,31 The total vector magni-
tude counts (sum of triaxial vector counts) and the
number of steps per day were used to reflect the
volume of PA, while the following cutoff points
were used for intensity categories: sedentary (0–99
counts/min), light intensity PA (100–1041 counts/
min), and MVPA (≥1042 counts/min).32,33 The pro-
portion of participants meeting the recommended
PA levels of 6500 steps per day for populations with
disability was also reported.8
Data management and statistical analysis
Statistical analyses were carried out using IBM
SPSS, version 23.0 (SPSS Inc., Chicago, Illinois,
USA). Descriptive statistics, median (interquartile
range (IQR)) and numbers (percentages), were
used to present demographics, stroke-related, bal-
ance, and gait variables. These variables were com-
pared between community ambulators and limited
community ambulators using the Mann–Whitney
U-test, χ2, and Fisher’s exact test.
There were no differences between weekdays and
weekend days for total daily PA and within-day
patterns of PA. Thus, weekdays and weekend days
were merged in all analyses. For the first aim of this
study (i.e. accumulation of total daily PA), the
volume of PA and time spent in different PA
intensities were non-normally distributed and there-
fore contrasted between the community ambulating
and limited community ambulating group using the
Mann–Whitney U-test. For the second aim (i.e.
within-day patterns of PA), we identified hours
with complete PA data (i.e. 60 min of wear time)
and calculated individual average PA profiles for
a 14-h time period: morning (8 am to 12 am), after-
noon (1 pm to 5 pm), and evening (5 pm to 9 pm).
This time period was used for analyses as a majority
of the participants had valid data for this period.
Linear mixed-model analysis was used to investigate
differences between groups (unlimited community
ambulators vs. limited community ambulators) and
time (8 am to 21 pm) for vector magnitude counts,
time spent sedentary, light PA, andMVPA. In case of
a significant interaction effect (i.e. group x time),
post hoc tests with Bonferroni corrections were




Of the 45 participants with stroke taking part in this
study, 23 were classified as limited community ambu-
lators and 22 as community ambulators (see Table 1
for participants’ characteristics). Irrespective of ambu-
lation group, median time since stroke was approxi-
mately 2.5 years and a vast majority was not working
(unemployed: 61–68% or retired: 23–39%) and had
≥2 chronic diseases (95–96%). Compared to the com-
munity ambulation group, a larger proportion in the
limited community ambulating group had experi-
enced a fall in the last 3 months (43% vs 14%), used
a walking aid (78% vs 32%) and indicated dependency
in activities of daily living (87% vs 45%). The limited
community ambulating group also demonstrated
a more severe disability profile for fear of falling,
depressive symptoms, gait, and balance.
Volume and intensity of daily physical activity
The limited community group demonstrated lower
vector magnitude counts (203 987 vs 342 740
counts, P = .001), fewer steps per day (1091 vs.
3524 steps, P ≤ 0.001) as well as spent more time
sedentary (80% vs 68%, P = .002) and less time in
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light PA (18% vs 25%, P = .008) and MVPA (1% vs
5%, P < .001), compared to the community ambu-
lation group (see Table 2). Very few participants
took ≥6500 steps per day; 6 (27%) in the commu-
nity ambulation group and 1 (4%) in the limited
community ambulation group.
Within-day patterns of physical activity
As illustrated in Figures 1 and 2(a–c), the within-
day patterns for vector magnitude counts, time in
sedentary, light PA, and MVPA were different for
the community ambulation and limited
ambulation group (group x time: P < .001).
While the limited ambulation group had
a consistent pattern across the day without any
significant variations neither in PA volume or
intensity, the community ambulation group was
most active in the morning followed by a gradual
reduction in PA throughout the day. The most
evident between-group difference in PA profiles
was observed for sedentary time (Figure 2(a)),
where the limited ambulation group spent
7–14 min and 6–8 min more time sedentary in
morning (P ≤ .008) and afternoon hours
(P < .028), respectively, compared to the
Table 1. Participants’ characteristics of stroke survivors presenting with a self-selected walking speed reflecting limited
community ambulation (<0.8 m/s) and community ambulation (≥0.8 m/s).
Variables Limited community ambulators (n = 23) Community ambulators (n = 22) P-value
Age (years), median (IQR) 63 (15) 53 (13) .066
Male sex, n (%) 9 (39) 14 (64) .100
Living alone, n (%) 12 (52) 11 (50) 1.00
Employment status
Working, n (%) 0 (0) 2 (9) .206
Unemployed, n (%) 14 (61) 15 (68)
Retired, n (%) 9 (39) 5 (23)
≥2 chronic diseases, n (%) 22 (96) 21 (95) 1.00
Years since stroke, median (IQR) 2.5 (6.6) 2.6 (7.4) .439
Recurrent stroke, n (%) 4 (17) 5 (23) .772
≥1 fall last 3 months, n (%) 10 (43) 3 (14) .049
Using a walking aid, n (%) 18 (78) 7 (32) <.001
Received inpatient rehabilitation, n (%) 10 (43) 6 (2) .360
Received outpatient rehabilitation, n (%) 12 (52) 9 (41) .537
ADL dependency, n (%) 20 (87) 10 (45) .005
FES-I, median (IQR) 44 (12) 27 (14) <.001
HADS, median (IQR) 20.0 (12.0) 13.0 (8.5) .011
Mini-BESTest, median (IQR) 9 (14) 21 (9) <.001
Self-selected gait speed (m/s), median (IQR) 0.33 (0.19) 0.85 (0.20) <.001
Abbreviations: FES-I, Falls Efficacy Scale-International; HADS, Hospital Anxiety and Depression Scale; IQR, interquartile range; Mini-
BESTest, Mini Balance Evaluation Systems Test; n, numbers.
Table 2. Daily volume and intensity of physical activity of stroke survivors presenting with a self-selected walking speed
reflecting limited community ambulation (<0.8 m/s) and community ambulation (≥0.8 m/s).
Variables Limited community ambulators (n = 23) Community ambulators (n = 22) P-value
Number of valid days 6.0 (1.0) 6.0 (2.0) .226
Wear time (min/day) 702 (111) 686 (147) .306
Volume of PA
Vector magnitude counts 203987 (191621) 342740 (236823) .001
Steps per day 1091 (1224) 3524 (3894) <.001
Intensity of PA
Sedentarya
Minutes per day 592 (131) 472 (128) .005
Percentage of wear time 80 (15) 68 (15) .002
Light intensity PAa
Minutes per day 127 (94) 187 (60) .007
Percentage of wear time 18 (14) 25 (8) .008
MVPAa
Minutes per day 7 (11) 36 (54) <.001
Percentage of wear time 1 (1) 5 (8) <.001
Cut points used for intensity categories: sedentary; 0–99 counts/min, light intensity PA; 100–1041 counts/min, MVPA.
Data are presented as median values (interquartile range).
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community ambulation group. Similarly, the lim-
ited ambulation group spent more time in light
PA for most of the morning (diff: 6–8 min,
P ≤ .028) and afternoon hours (diff: 4 min,
P ≤ .029) than the community ambulation
group. In contrast, the community ambulation
group predominantly spent greater time in
MPVA in the morning hours than the limited
ambulation group (diff: 3–7 min, P ≤ .034).
Irrespective of the PA domain, activity in the
evening was similar between groups.
Discussion
To our knowledge, this is the first study to conduct
a detailed investigation of PA behavior in stroke sur-
vivors with different ambulation status living in low-
income areas. Our findings revealed that stroke survi-
vors with more limited capacity to ambulate not only
had lower levels of PA and more sedentary time but
also accumulated their PA evenly throughout the day.
In contrast, the volume and intensity of PA varied
across the day in the community ambulation group
but despite their ability to independently ambulate
outside their home, their PAwas insufficient to obtain
cardiovascular health benefits. Altogether, our find-
ings highlight that rehabilitation programs should
caution against a “one size fits all” approach to PA
promotion and should rather tailor interventions that
consider functioning profiles and needs of survivors.
In line with our findings, previous literature affirms
that physical factors, gait and balance control, impact
on stroke survivors’ ability to participate in PA.12 Our
findings corroborate with previous studies in the sub-
acute phase demonstrating that stroke survivors with
a gait speed of approximately ≥0.9 m/s took more
steps per day and spent more time in MVPA than
survivors with more severe walking limitations.34,35
We further deducted that even the community ambu-
lation group in our study had a lower PA level (3524
steps/day) compared to previous observations of
chronic stroke survivors in more developed countries
(4078 steps/day).7 We believe that the contextual set-
ting where the present study was situated, areas of
Figure 1. Physical activity volume. Vector magnitude counts for the unlimited community ambulating group and the limited community
ambulating group across the day. Data are plotted as the average (95% confidence intervals) physical activity for morning (8 am to 12 am),
afternoon (1 pm to 5 pm), and evening hours (5 pm to 9 pm). * Significant between-group differences (P ≤ .05).
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Figure 2. Physical activity intensity. (a) Time spent sedentary, (b) light physical activity and (c) in moderate-to-vigorous activity
(MVPA) for the unlimited community ambulating group and the limited community ambulating group across the day. Data are
plotted as the average (95% confidence intervals) physical activity for morning (8 am to 12 am), afternoon (1 pm to 5 pm), and
evening hours (5 pm to 9 pm). * Significant between-group differences (P ≤.05).
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poverty and limited resources for rehabilitation in
Cape Town,17,18 could have negatively impacted on
the ability to engage in PA following stroke. The low
PA levels, combined with pronounced sedentary
behavior in both ambulation groups (68–80% of
the day), highlight the need of developing targeted
interventions to increase PA and improve cardiovas-
cular health in this vulnerable population. There is
also a need to future investigate how PA changes
over time after stroke in relation to functional recovery
in light of the provision of acute and rehabilitation
services after the onset of stroke in this context.
The community ambulation group demonstrated
higher levels and intensity of PA in the morning and
afternoon than the limited ambulation group,
whereas both groups were equally sedentary in the
evenings (see Figures 1 and 2(a–c)). While stroke
survivors with limited capacity to ambulate demon-
strated a more constant diurnal PA pattern, the com-
munity ambulation group showed a gradual
reduction in PA throughout the day. In line with
our findings, Tieges et al. 36 previously reported
sedentary time of 35–40 min/hour in the morning
followed by a continuous increase in sedentary time to
50–55 min/hour in the evening in a community
ambulating stroke cohort.36 As suggested by Tieges
et al. 36, this pattern might be related to energy deple-
tion in the morning resulting in afternoon fatigue.36
The daily PA pattern observed in community ambu-
lating stroke survivors also resembles the patterns
found in persons with Parkinson’s disease37,38 but
differs from the two peaks PA pattern (mid-
morning and afternoon) observed in healthy older
adults.37 Differences in diurnal PA patterns between
the ambulation group in our study could be due to the
greater disability of mobility, balance performance,
and psychological-related symptoms (e.g. fear of fall-
ing, anxiety, and depression)39 manifesting in the
limited ambulation group.
The present findings highlight the need to tailor
rehabilitation programs for PA promotion based on
the stroke survivor´s ambulation status. The levels of
PA of stroke survivors with a self-selected gait speed
<0.8 m/s may be addressed by enhancing functional
capacity through gait and balance exercises.40
Upscaling of such rehabilitation services would be of
particular importance in South Africa where these
services are not routinely provided.17,18 Recent find-
ings have also shown that breaking up prolong
sedentary time with short bouts of light PA leads to
clinically relevant improvements in systolic blood
pressure (3–4 mmHg) in stroke survivors.41 These
findings are encouraging since this approach could
be achievable for stroke survivors with limited capa-
city to ambulate who will find it difficult to reach
recommended levels of MVPA. On the other hand,
given the potential of engaging in PA among commu-
nity ambulating stroke survivors, it is quintessential to
understand barriers to exercise, specifically related to
socio-cultural environments, values, and norms.
Understanding the role of society and its provision
of services to promote PA could also assist in the
development of secondary stroke prevention pro-
grams suitable for the contextual setting of South
Africa.42,43
The assessment of PA at one time point is consid-
ered a limitation, in that we are limited in our under-
standing of the direction of the relationship between
ambulation status and PA behavior. Secondly, the
recruitment from social support groups could have
restricted the generalization of the study findings,
since individuals from such settings may be more
active and integrated in society compared to those
not taking part in social groups. Thirdly, we have not
accounted for a comprehensive assessment of cogni-
tion and fatigue, which may be linked to PA volume
and intensities.12 Finally, theMVPAcutoff used in this
study was developed for healthy older adults and
corresponds to a walking speed of 0.9 m/s,32 which is
similar to the median self-selected walking speed in
the community ambulation group (0.85 m/s) but sub-
stantially higher than the gait speed in the limited
ambulating group (0.33 m/s). Accordingly, due to
higher energy costs during basic activities after
stroke,44 walking in a slower pace could reflect
MVPA for stroke survivors with greater disability
and our results might underestimate the intensity of
PA. To improve the accuracy of PA assessment in the
stroke population, it is important to develop PA inten-
sity cutoffs for stroke survivors with different ambula-
tion status.
To conclude, while community ambulating stroke
survivors showed greater PA levels and a more vari-
able diurnal PA pattern, highlighting their functional
capacity to engage in PA, the lower levels of PA and
stable PA pattern in the limited ambulation group
likely reflect marked functioning problems. Still,
regardless of ambulation status, both groups were
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well below the recommendations of PA necessary for
the enhancement of cardiovascular health. In order
to support stroke survivors to engage in PA, our
findings suggest the need to tailor programs for
stroke survivors based on their ambulation status,
which will most likely manifest in different rehabili-
tation content.
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